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(57) A vertical interpolation circuit interpolates an in- 
terpolated pixel with pixels located on upper and lower 
vertical positions, and outputs a vertical interpolated val- 
ue. An oblique averaging part averages pixels obliquely 
located with respect to the interpolated pixel on the basis 
of an oblique edge angle signal, and outputs the result 
of calculation as an oblique average. An oblique differ- 
ence absolute value operation part calculates the abso- 



lute value of the difference between the values of the 
pixels obliquely located with respect to the interpolated 
pixel on the basis of the oblique edge angle signal, and 
outputs the result of calculation as an oblique difference 
absolute value. A mixing part outputs the vertical inter- 
polated value, the oblique average or a mixed value 
thereof as an interpolated pixel value on the basis of the 
oblique difference absolute value. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a scanning 
line interpolation equipment for interpolating scanning 
lines displayed by a video signal. 

Description of the Background Art 

[0002] A scanning line interpolation equipment inter- 
polating scanning lines is employed for converting a vid- 
eo signal of an interlaced scanning system to a video 
signal of a progressive scanning system or increasing 
the number of scanning lines in the progressive scan- 
ning system. 

[0003] Such a scanning line interpolation equipment 
calculates the value of a pixel (hereinafter referred to as 
an interpolated pixel) forming a scanning line (hereinaf- 
ter referred to as an interpolated scanning line) to be 
created by interpolation on the basis of the values of 
pixels of upper and lower scanning lines. 
[0004] In this case, it is proposed to calculate the val- 
ue of the interpolated pixel with pixels vertically located 
with respect to the interpolated pixel in general and to 
calculate the value of the interpolated pixel with pixels 
obliquely located with respect to the interpolated pixel 
in an image having an oblique edge or an image having 
thin oblique lines. To this end, a correlation determina- 
tion circuit determining a direction having high correla- 
tion in an image displayed by a video signal is employed. 
[0005] The conventional correlation determination cir- 
cuit detects the difference value between two vertical 
pixels and that between two oblique pixels about the in- 
terpolated pixel, for determining the angle of the direc- 
tion having high correlation on the basis of the differenc- 
es value. In such a method employing the difference val- 
ue between two pixels, however, the angle may be false- 
ly detected. 

[0006] Therefore, it is proposed to calculate the value 
of the interpolated pixel with the vertically located pixels 
if the difference value between two pixels located in the 
determined direction is greater than a threshold while 
calculating the value of the interpolated pixel with the 
oblique pixels if the difference value between the two 
pixels located in the determined direction is less than 
the threshold. 

[0007] In the aforementioned scanning line interpola- 
tion equipment, however, the value of the interpolated 
pixel is so dispersed that no smooth image can be ob- 
tained if the difference value between the two pixels lo- 
cated in the determined direction is approximate to the 
threshold. 

[0008] Consider an image having an oblique edge as 
shown in Fig. 13, for example. It is assumed that the 
values of two pixels 81 and 82 located above and under 



an interpolated pixel IN are "0" and "100" respectively, 
the values of a first pair of oblique pixels 83 and 84 are 
"0" and "100" respectively, and the values of a second 
pair of oblique pixels 85 and 86 are "80" and "120" re- 

5 spectively. It is also assumed that a threshold is "40". 
[0009] In this case, the difference value between the 
two pixels 81 and 82 located above and under the inter- 
polated pixel IN is "100" , that between the first pair of 
oblique pixels 83 and 84 is "100" and that between the 

w second pair of oblique pixels 85 and 86 is "40", and 
hence the direction having high correlation is along a 
straight line connecting the pair of pixels 85 and 86 with 
each other. In this case, the difference value between 
the pair of pixels 85 and 86 is not more than the thresh- 

15 old, and hence the value of the interpolated pixel IN is 
calculated with the oblique pair of pixels 85 and 86. For 
example, the average "100" of the pair of pixels 85 and 
86 defines the value of the interpolated pixel IN. 
[0010] If the value of the pixel 85 is "75", however, the 

20 difference value between the pair of pixels 85 and 86 is 
greater than the threshold, and hence the value of the 
interpolated pixel IN is calculated with the two pixels 81 
and 82 in the vertical direction. For example, the aver- 
age "50" between the values of the two pixels 81 and 82 

25 defines the value of the interpolated pixel IN. 

[001 1] Thus, it follows that the value of the interpolat- 
ed pixel IN varies by "50" when the value of the pixel 85 
varies merely by "5". Consequently, no smooth image 
can be obtained. 

30 

SUMMARY OF THE INVENTION 

[0012] An object of the present invention is to provide 
a scanning line interpolation equipment capable of 
35 smoothly interpolating an image having an oblique 
edge. 

[0013] A scanning line interpolation equipment ac- 
cording to an aspect of the present invention, interpo- 
lating a scanning line by calculating the value of a pixel 

40 to be interpolated on the basis of an input video signal, 
comprises first interpolation means calculating a first in- 
terpolated value by interpolation employing pixels of up- 
per and lower scanning lines vertically located with re- 
spect to the pixel to be interpolated, input means input- 

45 ting a signal indicating the direction of an image with 
respect to the pixel to be interpolated, difference calcu- 
lation means calculating the difference value between 
the values of pixels of upper and tower scanning lines 
located in the direction indicated by the signal input by 

50 the input means with respect to the pixel to be interpo- 
lated, second interpolation means calculating a second 
interpolated value by interpolation employing the pixels 
of the upper and lower scanning lines located in the di- 
rection indicated by the signal input by the input means 

55 with respect to the pixel to be interpolated and interpo- 
lated value output means outputting the second interpo- 
lated value calculated by the second interpolation 
means as the value of the pixel to be interpolated when 
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♦h- difference value calculated by the difference calcu- 

g e'eTthan the first value, and calculating a ^ nte - 
.It=H « a iue bv an operation employing the first inter 

P Llho.pcondinterpolated value calculated by the sec- 
SSon means is within me .an„e beheeer, the last 

P S 1 Ler D Sed value by the interpolation employ- 



second velue. and outputs the result o. addKlon as the 
vaU »oltha pixel » be irJe,,»B«d. 

js culation means approaches the secono va 

» S^danddiereaoolthes^rte-Pdla^ 
T-HuLd as the difference value approaches the 
^a^^efirst.aate.-tatebysrnoometih- 

Redirection indicated by the signal input ****** 
Dluralrty of directions about the direction 

vaue among theplurality of «^^t55£ 
Z the difference calculation means and selection 
2J£ Meeting a second interpolated value corre- 

- Ssrf====SS== 

SetSfed second ln»-polr«ed«alu.tothe MP* 
[0021] m into ^ , values between the 

3S -espec^t, •s-^TSSS 

^rsrrrrrespond- 
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Sue to J Z T r' Ue determined as the minimum 
and Inn? I P ra,,ty ° f SeCOnd "^'ated va(ues 
and suppl.es the same to the immolated value output 

[0022] Thus, false detection of the angle of the imaoe 

selecting the second interpolated value in the direction 
having the highest correlation from the J^tSE 

nn?J thG P ' Ura,it y of dir «*°ns. 

Thescanninglineinterpolationequipmentmav 
^rther comprise detection means detecting 'he S 
of P .xels ve rtl cally located above and undeahe JxS to 

be . mediated respectively and intern^ vaK de 
term na tlon means determj w 

ond rnterpolated value calculated by the seconS IrS- 
Potabon means is between the values detected bythe 
detechon means, and the interpolated value output 
mayoutoutthe f^st interpolated value calculated 
by the first interpolation means as the value of the S 

cuiated by the drfference calculation means when the 
-ntermediate value determination means ^ines 
that the second interpolated value is not betwee^ the 
values detected by the detection means *" 
[0024] In this case, the scanning line interpolation 
equjment detects the values of the pixels £KJE 

T Under the pixel to be inte,polated re- 
spectively, and determines whether or not the second 
jnte^olated value is between the detected £2? 

nlf T" 9 , th3t the S6COnd plated va.ue fe 

temoSlT Va,UeS ' the scanni "9 »ne in! 

terpolaton equipment outputs the first interpolated val- 
ue as the value of ^ p . xe| tQ be ■ % f * *al 

of the oblique difference "'egaroiess 

n^ent 5 c a n"n nlJS, *" SCan " ing " ne '"eolation equip- 

S! tc ^ T B T ' r ° m Ca,CU ' atin 9 *• valu « of the 
pixel to be Lnterpolated with pixels of a false direct™ 

when falsely detecting the angle of t e im age Tem 

Ploymg not the second Lnterpolated value £ the Zt 

'plated value if the second interpolated valuets no 

IKS TheSCannin9,ineinter P o| a«onequipmentmay 

Im^ph h the difference value between pixels vertically 
located above and under the pixel to be intemolated 

ton mlT Va,U6 Ca,CU,ated bv the «™ '"C'a 

bv the dt re9ardteSS ° f the difference valu « oalcuiated 
by the drfference calculation means when the difference 
value calculated by the vertical difference operS 
means ,s less than a predetermined value 
[0027] In this case, the scanning line interoolation 
equrpment calculates the difference value E2U5 
pixels vertically located above and under the pSo be 
nterpolated, and outputs the first interpolated vl° S 
the value of the pixe. to be interpolated regardless o fZ 



ue is less than the predetermined value 
[0028] Thus, deterioration of picture quality resultino 

* P^d^trr ° f ^ 3,19,6 ° f the oa?be 
nl Z !! ? empl °y |n 9 not *he second interpolated val- 
ue but the first interpolated value when the vert caid! 
ference value is te ss than the predetermined vaS 
PTO29] The second interpolation means may averaoe 

io ITT ° f the UPPer and ,ower sca "n'"g "nestoSed 
I dlfa f on indte at«d by the signa. input by the in^ 
mean with respect to the pixel to be interpolated aL the 
second interpolated value he 

Ed bv/he 8 CaS6 ' SeC ° nd inter P°'ated value is 
defined by the average of the values of the pixels oh 
- Ijquely located with respect to the pixe, to be C££ 

va u!Sfh ' ° U PUtS tHe " rSt '"plated value as tS 
va ue of the p.xel to be interpolated when the different 
value is ,n excess of the threshold, and outputs the thS 

in T 'Sands 6 by *• °^n Impto ' 

mg the first and second interpolated values as the value 

be interp0lated the MerenTvTe 
oiS ?h 96 b6tWeen Zer ° and the threshold. 
30 f, ^ Thescann,n 9 line interpolation equipment mav 
» ferther comprise image angle detecfion meanTc?ete S 

In 9 , 3 " T? 6 an9te re,ated to the P' xe ' to be interpolated 
on the basis cf the input video signal and suppEhe 

mean trt 9 thS "'"^ of tne ™ge to^C 
35 HhI k- ' ma9e angle detecti °n means may In- 

£2? h Pattem 9eneration me ans binarizTng the 
input vtoeo signal in a predetermined detection a eaTn 

r^^oo 9 ,^" 3 ? ° f SCanning ' ines and ^ P^e to Z 
interpolated and generating a binarized pattern refer 

40 LTn P3ttem 9eneratfon means mating a bS££ 
« age having a plurality of directions as a pTuraHty oT ref- 
erence patterns and comparison means comparina he 
bmanzed pattern generated by the binSTattem 
generation means with each of the p,ura.ity of reference 
patterns generated by the reference pattern gene ratZ 

to be interpolated on the basis of the resuft of compart 

K J" ^ ima9e angte detection mea "a, the bina- 

- sTnaK 9 o e e n d e :f 0n ^ 

S the P . red f term,ne d detection area and gener- 
ates the bmanzed pattern. The reference pattern qen- 
era, IO n means generates the binary image h7vl the 

terns '?h 0 e * eCttonS 38 thS P,Ura «^ of 
terns. The comparison means compares the binarized 

« pattern with each of the plurality of reference 

and detects the image angle rltJtoZ p S^ 

[0035] m th B case, the scanning line interpolation 
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equipment can suppress false detect.cn as compared 
wtth a case of employing the difference value between 
^o pixels due to comparison of two^mensK>nal pat- 
terns whereby the angle of the image havng an oblique 
edge can be correctly detected. . rofpr(ince 

ro036] When employing two-dimensiona reference 
patterns, detected angles are n*«*^j£2£ 
of a straight line connecting pixels located on P™^" 1 
metrlcai positions about the pixel to. ^^SS 
anoles therebetween can also be detected. Therefore 
the angles can be detected at smalier intervals without 
inrreasina the circuit scale. 

urther comprise image angle detect™ means detect _ 
ranim^gLnglerelatedtothepixeltobemterpo^ 
on the bJs of the input video signal and supp ying the 
s"qnal indicating the direction of the image to the input 
means and the image angle detection means may .n- 
Se mirimauminlma, pattern generation means gen- 
erating a maximal/minimal pattern indicating the posi 
ES the maxima, pointorthe m»nlma. pointof honzon- 
tal luminance distribution every scanning Ime in a pre 
StLrmined detection area including 
nina lines and the pixel to be interpolated in the input 
v dec signal reference pattern generation means gen- 
eraTngaplu ality of reference patterns indicating the po- 
2ns of the maxima, points or the minimal pointe of 
hoSontal luminance distribution every scanning Une n 
the detection area and comparison means comparing 
ne mSal/minima. pattern generated by »rf 
minima, pattern generation 

ralitv of reference patterns generated by the reference 
pamm generation means and detecting the -mage an- 
gfe Sd to the pixel to be interpolated on the bas,s of 
the result of comparison. 

[0038] in the image angle detection means, he max- 
mal/minimal pattern generation means generates the 
max Tal/minimal pattern indicating the position of the 
maxima Joint or the minima, point of the horizontal £ 
rancedistribution every scanning 
termined detection area in the input video signal, hur 
SeT the reference pattern generation means generates 
hepuXof reference patterns indicating the max.mal 
po 1 or I minima, points of the horfco^ 
distribution every scanning line in the detection area 
teT^»™™<»«V*™*e maximal/minimal 
lattem vSth each of the plurality of reference patterns 
and detects the image angle related to the pixel to be 
fnterpo ated on the basis of the result of comparison. 
S] m this case, false detection is suppress 
compared with the case of employing me differen^ val 
^between two pixels due to comparison of two-dimen- 

sfonarpatterns, whereby the angle of an image having 
thin oblique lines can be correctly detected 
[0040] When employing two-dimensional reference 
patte/ns, detected angles are not restricted to the angle 
^straight lineconnecting pixels located on PO'nt-sy m ; 
mirica positions about the pixel to be interpolated but 



angles therebetween can also be detected. Therefore 
W angles can be detected at smaller intervals wrthout 

^TsLSSW^n equipment a, 

s Kg to another aspect of ^^^eZ 
teroolating a scanning line by calculating the value o a 
2 to betnterpolated on the basis of an input video 
Sa cxTmpriS a first interpolation device that calcu- 
XaSterpolatedvaluebyinterpolationemp^ 
10 ptels o upper and lower scanning lines vertically locat- 
Z w^ resoect to the pixel to be interpolated, an inpu 

anTmage wfth respect to the pixel to be >nterp°lated a 
omeTence calculation device that calculates the differ- 
« enS value between the values of pixels of upper and 
SSr scanning lines located in the direction indicated 
bv the signal received in the input terminal with respect 
tothereuobe interpolated, a second interpo at.onde- 
calculates a second interpo latec . vaU* i byin- 
2 o terpolation employing the pixels of the upper and low* 
scanning lines located in the direction mdicated by the 
sjna receded in the input terminal with resp^J 
Xto be interpolated and an interpolated value cutout 
S^ttTat cutouts the second interpolate^ value ca^ 
25 culated by the second interpolation device as the value 
S t pixel to be interpolated when the difference value 
callS by the difference calculation dev.ce is not 
mtethanaflrst value, outputs the first interpolated^ 
recaLlatedbythefirstinterpolation 
30 ue of the pixel to be interpolated when the dtference 
value calculated by the difference calculation device is 
noUesTSnasecond value greater than thefirst value 
and cSculates a third interpolated value by an operate 
rmptoSglhe first interpolated value calcu ated by the 
35 fiTSolation device and the second ■nterpolated 
value calculated by the second interpolation device , nd 
oipuSlne third interpolated value as the value of the 
Si to be interpolated when the difference vabe 
S ted by the difference calculation device ,s within the 
40 Snge beLeen the first value and the second value. 
P042] in the scanning line interpo.at.on equ pmen 
acSroing to this aspect of the present invention, ftetart 

IS cat latton dev.ce ca.cu.ates the different > vaUje 
so beween the values of the pixels of the upper and lower 
sSnSg Hnes located in the direction indicated by the 
fnTut stanal with respect to the pixel to be interpolated. 
Fu P l 9 toe second interpolation device calculates the 
second' ilrpolated value by the interpolation emp oy- 
« f„^he oixels of the upper and lower scanning lines lo- 
catedl' toe Section todicated by the input slgna Iwrth 
respect to the pixel to be interpolated. The interposed 
Se^totd^vic.outputsthesecondinterpo.atedval- 
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ue as the value of the pixel to be interpolated when the 
difference value is not more than the first value, outputs 
the first m erpolated value as the value of the pixel, to 

S^T* 3ted Wh6n the difference value ^ not less 
than he second value greater than the first value, and 
calculates the third interpolated value by the operation 
employing the first and second interpolated values and 
outputs the same as the value of the pixel to be interpo- 
sed when the difference value is within the range be- 
tween the first and second values. 
P043] Thus, the scanning line interpolation equip- 
ment calculates the value of the pixel to be interpolated 
by the operation employing the first interpolated value 
ca culated with the vertical pixels and the second inter 
polated value calculated with oblique pixels when the 
drfference value between the pixels obliquely located 
with respect to the pixel to be interpolated is between 
the first and second values, whereby an image having 
an oblique edge can be smoothly interpolated 
[0044] The interpolated value output device may add 
the first .nterpolated value calculated by the first inter- 
Slr^ and *• interpolated Se cal- 

culated by the second interpolation device to each other 
in a rat.o according to the difference value calculated by 
the drfference calculation device when the difference 
value ,s wrthin the range between the first value and 7e 
second value, and outputs the result of addition as the 
value of the pixel to be interpolated. 
[0045] In this case, the scanning line interpolation 
equipment adds the first and second interpolated^" 
to each other in the ratio responsive to the difference 
value when the difference value is between the first and 
second values, whereby smooth interpolation is ena- 

Ht in? 6 in | terP0,ated Va,Ue outout device may a°d 

2!lS?T? >d ^ ^ the SeCOnd ^'ated 
value to each other so that the ratio of the first interpo- 
lated value calculated by the first interpolation device is 

increased and the ratio of the second interpolated value 
calculated by the second interpolation device fe reduced 
as the difference value calculated by the drfference cal- 
first valu? VICe aPPr ° aCheS the second ^e from the 
[0047] m this case, the interpolated value output de- 
™! h ^ th \ first and s «*>nd interpolated values to 
each otherso that the ratio of the first interpolated value 
s.ncreased and the ratio of the second interpolated val- 
ue ,s reduced as the difference value approaches the 
second R value from the first value, whereby smoothed 
terpolation is enabled. 

K! J!* 6 difference calculation device may calcu- 
a e the drfference values between the values of a plu- 

Sir^ IXe,S w° Cated in 3 P,ura,ity of direction s about 

eTmt^H diCated by the Si9nal received in *• '"Put 
term nal wrth respect to the pixel to be interpolated re- 
spectively and the second interpolation device may cal- 
cu a e a plurality of second interpolated values by inter- 
polation employing the plurality of pixels located in the 



10 



plurality of directions about the direction indicated by the 
signal received in the input terminal with respect to the 
EfiS interpolated res P«*fvely. while the scanning 
hne interpolation equipment may further comprise a 
mmhnum value determination device that determines 
the minimum value among the plurality of difference val- 
ues calculated by the difference calculation devS >Z 
a selection dev.ce that selectes a second interpolated 

10 a! ^T eSPOndin9 10 thS diff6rence va,ue determined 
as the m.n,mum value by the minimum value determi- 
ne .on dev.ce from the plurality of second interpolated 
values calculated by the second interpolation device 
and supplies the selected second interpolated value to 
the interpolated value output device 

15 S!f 1 "I" CaS6 ' the SCannina 'ine interpolation 
!T the diff6renCe va,ues ^een the 
JKIX I P '° Cated the pluralit y of Sections 
sn^t eCt, ,° n indiCat6d by the inDUt signal with re- 

20 culates the plurality of second interpolated values re- 

D Sr^ the i nterP ° ,ati0n emp,OVin 9 *• Polity of 
* e P ,ura 'ity °f directions about the di- 
rect™ indicated by the input signal with respect to the 
25 i P rl 5 I 6 ,nter P° ,ated respectively. The scanning line 
US?". eqi " Pment deterrn ines the minimum value 
among theplurahty of difference values, forselecting the 
second interpolated value corresponding to the differ- 

*ZLTJ deter , m,ned 38 the minimum value from the 
P'uralityofsecondinterpolatedvaluesandsupplyinqthe 
so same to the interpolated value output device 
P050J Thus> fa|se detectfon Qf ^ Qf 

Si 00 ™?? y d6,erminin 9 th e direction having tie 
222lT* 0n am ° ng thS P ,u rality of directions and 
selecting the second interpolated value in the direction 

T 6 COrre,ati ° n fr ° m the se cond interpo- 

lated values of the plurality of directions 

^hIL TheSCannin9,ineinterpolat 'on equipment may 
further compnseadetection device that detects the val 

40 SrSE 8 ' SV f« ;a,, y ,ocated aooveandunderthepixel 
to be nterpolated respectively and an intermediate val- 
ue determination device that determines whether or not 
the second interpolated value calculated by the second 
jnterpolat.cn device is between the values'detecte?^ 
45 J* £ !f ° n ViC6 ' 3nd interpolated value output 

by the first .nterpolation device as the value of the pixel 
to be .nterpolated regardless of the difference value cal- 
culated by the difference caption devic? when the 
so ZT ate * tom *«ton device determines 

that the second interpolated value is not between the 
values detected by the detection device 
[0052] In this case, the scanning line interpolation 
equipment detects the values of the pixels vertically to- 
cated above and under the pixel to be interpolated re- 
* spect.vely and determines whether or not the second 
jnerpolated value is between the detected vSTes 
When determining that the second interpolated value is 
not between the detected values, the scanning line in- 
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eScSates tl» dmenmce veto vet- 
SSTL and under the pixel to M In^o- 
SSlthe inwpoteBd .aide output •«■■*» 
„^r^t ioteroolated value calculated by ttte lust in- 

fn^ated and outputs the first interpolated value as 

Slatton resting from false detection of the angle 
of he .mage by employing not the second <nterpolated 
IS but Ihe L interpolated value when , the vertK* 
dlrence value is smaller than the predefined val 
ISsT] The second interpolation device may average 
SeSels of the upper and lower scanning Ins located 
n the d rection indicated by the signal receded in the 
Input teSa. with respect to the pixel to be interpolated 

-TOSS 

defined by the average of the values o pixels obhquefy 
Sed Jtth respect to the pixel to be intej* a* ^ 
[0059] The first value may be zero, and the secono 
value may be a preset threshold. 
SST Si *is case, the scanning 
^pmentoulputsthesecond 
value of the pixel to be interpolated when the difference 
value is zero outputs the first interpolated value as the 

vaLisinexcessofthethreshold,andoutputstheth.rd 
^emolated lvalue calculated by the operation employ- 



pl.es the signal indicating the 
the inputterminal, and the image angle «^«» 
mav include a binarized pattern generate device .that 
Sze tie input video signal in a predetermined de- 
s Son area including a plurality of scanmng fines .** 
tte L to be interpolated and generates a tenanted 
niem a reference pattern generation device that gen- 
having a plurality of directions as 
a P uranty of 7eference patterns and a «!-«*; 
, 0 vice that compares the binarized pattern generated by 

oluralitv of reference patterns generated by the reter 
?nle oattern generation device and detects the .mage 
e a n ngte P reS?o the pixel to be interpolated on the bas.s 
15 of the result of comparison. 

°0062] in the image angle detection devrce, the b ma 

pattern g^d^l*^*^ 
Sal in the predetermined detection area and gener 
ates he oinarized pattern. The reference prtM O"- 
20 erSirdevicegeneratesthebinarizedimagehav^the 
o u X of directions as the plurality reference pattern* 
The caparison device compares the binarized pattern 
2m «ch of the plurality of reference patterns and de- 
re^me image a'ngle related to the pixel to be .nterpo- 
25 ated on the basis of the result of companson. 

mSai Vn this case, false detection is suppressed as 

r e En two pixels due to comparison of two-d.men- 
£5 patterns' whereby the angle of an image hav.ng 

Ss £ a'ngL are not restricted to the angle 

the inputterminal, and the image angle detect.o device 
may Lude a maximal/minimal pattern generation de- 
^T^^n^rates a maximal/minimal pattern indicat- 
" 7Z££EX!££Li Pointorthe minima. point 
o?horizSa luminance distribution every scann.ngl.ne 
in a predetermined detection area including ^ 
scanning lines and the pixel to be .nterpolated l in the 

that Generates a plurality of reference patterns .nd cat 

Snte of horizontal luminance distribute every scan- 
the detection area and a comparison jjna. 
55 compares the maximal/minimal pattern 9 

the maximal/minimal pattern generation dev.ce *mn 
each of the plurality of reference J*?™*""^* 
the reference pattern generation device and detects the 
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image angle related to the pixel to be interpolated on the 
basis of the result of comparison. 
[0066] in the image angle detection device, the max- 
.maummlmal pattern generation device generates T e 
max maxima, pattern indicating the posifen of £ 

ZZT ^ minima ' *** of "orizonfalTu 

m nance distribution every scanning line in the prede- 
termined detection area in the input video signal Tte 

22r em 96nerati0n d6Vice generat e* the p,u 
ralrty of reference patterns indicating the positions of the 
maximal points or the minimal points of the horizon^ 

ml f " , he com P arison ^vice compares the maxi- 
mal/m.n,mal pattern with each of the plurality of S 

comXn ' nterPO,ated ° n thS ^ ° f the ™« <* 

2, h" ^ C3Se ' fa ' Se deteCti0n fe pressed as 
bX^T 3 0356 ° f ernp '° yin 9 m e difference value 
between two p,xels due to comparison of two-dimen 
s,ona patterns, and the angle of an image havmTthin 
obhquelmes can be correctly detected 

em P to y ln 9 two-dimensional reference 
patterns, de ected angles are not restricted to the ancS 

ofastra.ghtl.neconnectingpixeblocatedonpointrym 

antS°r Sft h °L S ab ° Ut ^ PiXe ' tC 66 '"terpolatedZ 
angles »,erebetween can also be detected. Therefore 
he angles can be detected at smaller intervals without 
increasing the circuit scale. «wmout 

J^° r ! 90in9 a " d 0ther ° bjects - fea,ure s, as- 
pects and advantages of the present invention will be- 

SrtoM Q n^h aPParent fr0m the f0 "° Win 9 detai| ed de- 
tionSf hepresen t inven ttonwhentakeninconjunc- 
tion with the accompanying drawings. 
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Fig. 5; 

Fig 7 is a block diagram showing an exemplary 

a£,Xa, an ^ a " 9,e d6teCt0r OUtPUtting an 
Rg 8 illustrates exemplary binarized patterns out- 
put from a binarization part shown in Rg 7- 
Figs 9(a) to 9(e) are model diagrams showing ex- 
emplary reference patterns generated from a refer- 
ence pattern generation part shown in Fig 7- 
Fig. 10 is a block diagram showing another exem- 
pt* structure of the image angle detector output- 
ting the angle signal; 

Fig. 11 is a model diagram showing an exemplarv 
maxima/minima, pattern outputfrom an upper fne 
maximal/minimal detection part and a lower line 
max.mal/minimal detection part shown in Fig. 1 0 - 

T 12(b) ^ m ° de ' dia 9 rams lowing 
exemplary reference patterns generated by a refer- 

20 6 - nCe 9enerati °n Part shown in Fig. 11 ; and 
Fig. 13 ,s a model diagram for illustratinginterpola- 

equi^nr" 6 " 1 ' 0 " 3 ' interp ° ,a « on 

DESCRIPTION OF THE PREFERRED 
*s EMBODIMENTS 

(1 ) First Embodiment 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0070] 

Fig. 1 is a block diagram showing the structure of a 
scanning line interpolation equipment according to 
a first embodiment of the present invention- 
Fig. 2 is a model diagram for illustrating the relation 

Fig. 3 is a model diagram for illustrating operations 
of a mixing part shown in Fig. 1 ; 
Fig. 4 is a model diagram showing the relation be- 
tween an oblique difference absolute value and co- 

SSTvSj ob,ique avera9e and a vertfcal inter - 

Fig. 5 is a block diagram showing the structure of a 
scanning line interpolation equipment according to 
a second embodiment of the present invention- 
• MO- 6 is a model diagram for illustrating oblique 

obdque difference absolute value operation part of 
the scanning line interpolation equipment shown in 
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P071] Fig. 1 is a block diagram showing the structure 

fflnETS interpo,ation ^'P'nent according to 
a first embod.ment of the present invention 
P072] The scanning line interpolation equipment 
shown in Fig. 1 includes a line memory 1, a vertSn 
torpoia^n circuit 2, an oblique averaging part 3 aTob- 
hque difference absolute value operation part 4 and a 
mixing part 5. p dna 3 

P073] A video signal VD1 is input in the line memory 
1 . the vertical interpolation circuit 2, the oblique aveTag! 

^^^■^^^ 

S A " an 9 ,e sianal AN is input in the oblique av- 
eragmg parts and the oblique difference absolute value 

ToTZT 1 through an input terminai * 2 C 

AN indicating the angle of an oblique image such as an 

3X5? an ob,ique edge or an image having t^n 

n°a?lni If! T"* 1 de ' ayS ^ video sig- 
nal VD by one line (one scanning line) and outputs a 

V i° 2 - ^ Vid6 ° Si9na ' VD2 ou tput from the 

c rL. 2 t h e Ir * *" ^ ' nterp0,a t ion 

SSL , ° ; ' qUe aVefaging part 3 and the oblique 
difference absolute value operation part 4 

P076] in this embodiment, it is assumed that the vid- 

« Q °n?rl VD1 ^ V ° 2 have ,uminance - W grada- 

IfZ " 6r W ° rdS> *• minimum and maxi ™m values 

°0- an^L" 3 : 06 ° f Vide ° Si 9" a,s V °t a "° VD2 are 
0 and 255* respectively. 
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100771 The vertical interpolation circuit 2 performs ; in- 
flation (hereinafter referred to as verhca, 

r !!Z 1 and outputs a vertical interpolated value 
TS^S^Z^ interpolation circuity aver- 
Le^hl vSues of the pixels vertically located above 

TatPd value ID A well-known interpolation circuit can oe 
empCd as the vertical interpolate circuit 2. For ex- 
ample the vertical interpolation circuit 2 may be formed 
by an I Jerpolation circuit employing a median Mer se- 
lecting an intermediate value from the values of a plu- 
rality of pixels and outputting the same. 
00781 The oblique averaging part 3 averages the va - 
Spixete oVper and lower scanning lines obliquely 

oTthe fnput vidi signal VD1 . the video signal VD2 «*- 
pim P the.inememory1 ^^JJ^-- 
«,rtnuts the result of this averaging as an oblique aver 
ag ?AD This calculation of the oblique average AD per- 
formed by the oblique averaging part 3 is referred to as 

££? 1 6 he obtue deference absolute vaiue opera- 

h?Zfen the values of pixels obliquely located with re- 
^ to the intemolated pixel on the baste of the input 
^ Ina. 55*. video signal VD2 output from the 

calculation as an oblique dWference abso- 

m^T^mixing part 5 outputs the verttea. interpo- 
Kalue ID output from the vertical interpolate c.r- 
Sf 2 Ce oblique average AD output from the oblique 
averag ng part 3 or a mixed value thereof as the value 
22 referred to as an interpolated pixel value) 
S Tthf fnterpolated pixel on the basis of the obhque 

ZeZ absolute value operation part ^Operations of 

thL mixino part 5 are described later in detail. 

SosT According to this embodiment, the vertical I m- 
StionXuitl^ 

S s or the first interpolation unit, the 
receivinq the angle signal AN corresponds to the input 
metns orVhe input terminal, the oblique difference! £ 

ence calculation means or the ^eren^jcuteton 
unit, the oblique averaging part 3 ~" es P°^ 
second interpolation means or the secon I interpc tton 
unit, and the mixing part 5 corresponds » *e jnte^o 
,ated value output means or the .nterpolated value out 

KT' Fig- 2 is a mode, diagram for illustrating the re- 
SoTbetween the angle of an image and pixeis em- 

^r 0 ^o F n ,.2.symbo,,Ldenotesan,te, 



polated scanning line, symbol AL denotes , a s canning 
Hne located above the interpolated scanning line IL, ana 
TJ^BL denotes a scanning line located under the 
Co Scanning line IL. The upper scanning n 

BL includes pixels B1 to B5. Symbol IN denotes an 

nLrt 3 shown in Fig. 1 outputs the average of the lum. 
part 3 shown in r .« * f me upper and 

nance values of the P' xe ^ 4 ^° he djrection 

lower scanning lines AL and BL locateo in ine 
is oTthe angle 45<" about the interpolated pixel IN as the 
oXue average AD. The oblique ^rence absolve 
11 ?* ooeration part 4 shown in Fig. 1 outputs the ab 
solute value of the deference between the .urninance 
TTc of the oixels A4 and B2 of the upper and lower 

•rale 45* about the Interpolated pixel IN. 

FS. 3 re a teodel dlag-ate to. Hrostrating the op- 

^ When'lte oSlqu. difference *so'* «*" °° fi 

sc^r^r^vitto 

„ S^?DDoutp W ^«ob«^-etehoe 
Sutevalueopetattoepad^Pe^zeroandW 
threshold TH, the mixln 9 part 5 mixes the obhque aver 

SSL tire oblique difference absolute vasie DD and 
. SSehteKfahdKZofdr.vertloalthretpola.edvaUre 

SS*K!K -«-- *aofute ualu. 
E? JH zere and me threshold TH the rerxrng 
partSehowninRQ. 1 calculates the muted uahre CX as 

50 follows: 



CX = K1AD + K2ID 



Se coefficients of the oblique average and the vert^al 
interoolated value respectively. The coefficente K1 and 
setthat K1 1 K2 regularly reaches 1 . Refernng 



9 



17 



EP 1 345 432 A1 



to Fig. 4, the horizontal axis shows the oblique differ- 

ZZm?** D °' thS Vertical 3X13 ^e 
coefficients K1 and K2. 

[0090] As shown in Fig. 4, the coefficient K1 of the 
obhque average AD reaches 1 .0 when the oblique di 
ference absolute value DD is zero, is reduced as the 
oblique difference absolute value DD is increased and 
reaches zero when the oblique difference absolute val- 
ue DD ,s at the threshold TH. On the other hand the 
coefficient K2 of the vertical interpolated value.Dreach 
es zero when the oblique difference absolute value DD 
rs zero is increased as the oblique difference absolute 

STi 18 T* and reaches 10 when tne £ 

hque difference absolute value DD is at the threshold 

[0091] While the coefficients K1 and K2 of the oblioue 
average AD and the vertical interpolated value ID arc 
.nearly reduced and increased with respect to the ob 
l<que drfference absolute value DD in the example 

JSTh"*?- 4 ' ^ PreSent inVention is not 
to this but the coefficients K1 and K2 of the oblique av- 
erage AD and the vertical interpolated value ID may al- 
ternatively be changed in a curved manner * 
[0092] In the scanning line interpolation equipment 
according to this embodiment, the mixing part 5 mbces 
the vertrcal interpolated vaiue ID and the oblique aveT 
age AD with each other while varying the ratio therebe- 
tween ,n response to the oblique drfference absolute val- 
ue DD and outputs the mixed value CX as the intrpo- 

value DD is between zero and the threshold TH, where- 
at SC ZT ,a * on is enab,ed in the imagehavina 

erage AD as the interpolated pixel value IS only when 
the obUque difference absolute value DD is zero tte 
present invention is not restricted to this but the mixing 
part 5 may alternatively be set to output the oblique av- 
erage AD as the interpo.ated pixel value IS at an a S- 
*ary value greater than zero and less than the threshold 
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(2) Second Embodiment 

o^2 a „ Fi9 i isabl ^^ 

of a scanning line interpolation equipment according to 

i22 nd r' bodiment of *• present inven «^ 

[0095] The scanning line interpolation equipment 
shown in Fig. 5 includes a line memory 11, a veS 
mterpolation circuit 12, a vertical upper and tower pS 
value extraction part 13. an oblique averagingTart u 
a vertical upper and lower pixel difference absolute val- 
ue operation part 15, an oblique difference absolute val- 
ue oper ati part 16| a mtHagr a mjnjmum Jte ^ 

determination part 18, another selector 19, an interme 
d-ate value determination part 20 and a mixing 
0096] A video signal VD1 is input in the line memory 
1 1 . the vertical interpolation circuit 12, the verttoal upp^ 



and lower pixel value extraction part 13, the oblique av- 
eraging part 14, the vertical upper and lower pixel dif- 
ference absolute value operation part 1 5 and the oblique 

5 2ZTjS abS ° ,Ute Va ' Ue ° peration part 16 - An anflle 

me oh.f the ° b ' iqUe avera 9 in 9 14 and 

ttne obhque difference absolute value operation part 16 

through an input terminal 22. 

Sim k he ,inememor y 11 de| avs the input video sig- 
nal VD1 by one line (one scanning line) and outputs a 
" video signal VD2. The video signal VD2 output from the 

«™7™Z" Vr ,i6d t0 the VertiCal inte ^ton 
circuit 12, the vertical upper and tower pixel value ex- 
action part 13, the oblique averaging part 14 the vS- 
tea u pper and |ower p . xe| djfferen 9 e ™ » £ 

F0098] Also in this embodiment, it is assumed that the 

20 ues °f thl". ^ *• minimum and m«imuin^ 
££^S^*^^«*n* VD1 andVD2 
are o and 255" respectively. 

S- ? mH f r,y 10 the Vertical '"te^Po'ation circuit 2 
shown in Fig. 1, the vertical interpolation circuit 12 ver- 

2s FS ,' nterPO,ateS a " inter P° ,ated with pixe,s ve - 

of me ZZFf™? ^ me Same " *• balls 
of the mput video signal VD1 and the video signal VD2 

output from the line memory 11 and outputs a vertical 
interpolated value ID. vertical 

30 EH? 1 The VertiCal Upper and ,ower P«el value ex- 
^npartlSoutputsthevaluesofpixeLofupperand 
tower scanning iines vertically located with respect to 
the interpolated pixel as a vertical upper pixel value P 
and a verttoa. tower pixel value Q re^eSy onlhe 
basjsofthe Input video signal VD1 and the video stand 
« VD2 output from the line memory 11 ,aeos '9nal 

J! 16 , 0 ^ averaging part 14 averages the 
values of pixels of upper and lower scanning lines local 
ed in a direction (hereinafter referred to as a direcSn 

40 Z 3 h 9 ndiC f ed by the angte si 9" al AN w «h re- 
spect to the interpolated pixel on the basis of the input 

vtoeo signal VD1 , the video signa. VD2 cutout from th e 

me memory 11 and the angle signal AN, and oluts 

£ , res* of this calcu.afion as an obiique averag?Ao 

The oblique averaging part 14 further averages the val 

toa d £? °/ h UPP6r ^ ,OW6r SCannina 

>n a director, (hereinafter referred to as a direction -1) 

of an angle less than the angle indicated by the ana e 

sgnal AN by 1 and outputs the result of this caption 

as another oblique average Aa, while averaging ttevaT 

S r 6 • and ' 0Wer SCanni "9 ,ines !" a di- 

rection (hereinafter referred to as adirection + 1) great er 

outn", n 6 T indiCat6d by ** a "9 le si 9 na » AN by 1 and 
ou putting the result of this calculation as still another 
oblique average Ac. turner 

55 [0102] The vertical upper and lower pixel difference 

va ue of the drfference between the values of the pixels 
of the upper and lower pixels vertically located with re- 
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SD ect to the interpolated pixel on the basis of the input 
«£ Sgnal VD1 and the video signal VD2 output from 
S memory 11 , and outputs the result as a vert.cal 
difference absolute value AB. 

?0103] The oblique difference absolute value opera- 
ion part 16 calculates the absolute value of the d-ffer- 
!nce between the pixels of the values of the upper and 
«nes ^ated in the MJMJ. 
zero} of the angle indicated by the angle s.gnal AN with 
e p ec^ tothe interpolated pixel on the basis of the input 
video signal VD1 , the video signal VD2 output from he 
^memory 11 and the angle signal AN, and outputs the 
esurt of mis calculation as an oblique difference abso- 
ut "vaiue Db. The oblique difference absolute value op- 
eratton part 16 further calculates the absolute value o, 
the diJerence between the values of the pixels of the 
upper and lower scanning lines located in the d.rerfe 
Section -1 ) of the angle less than the angle .nd.cated 
by ttie angle signal AN by 1 and outputs the result of this 
Satio'n as an oblique difference abso.ute va ue Da 
while calculating the absolute valueof the difference be 
Teen the values of the pixels of the upper and lowe 
banning lines located in the direction (d.recte + 1) 
oreate"Ln the angle indicated by the angle s.gnal AN 
by f a ne Toutputtingtte result of this caicu.ation as an 
oblique difference absolute value Dc 
miMl The minimum value determ.nat.on part 1 8 de 
e mines the minimum value of the oblique Terence 
aSute values Da, Db and Dc output from the obl^ue 
difference absolute value operation part 16, and sup 
Sis Result of determination indicating the mm.mum 
annie to the selectors 1 7 and 1 9. 
roToS] T Onthebasisof the result of determinat.on s^ 
Udfromtheminimumvalue determinate P*^*» 
selector 17 selecte the oblique average corresponding 
to heangleind^^ 

he oblique averages Aa, Ab and Ac output f rorr .the ob- 
lique averaging part 14, and outputs the selected aver- 

anp as an oblique average R. 
roioS Onthebasisoftheresultofdeterminat.onsuP e 

plied f rom the minimum value determinate part .1* _the 
selector19selects the oblique difference absolute value 
^responding to the angle indteated by the result of de- 

STKn from the ob.ique <^+££SZ 
Da Db and Dc output from the oblique difference abso 
Me value operation part 16, and outputs the seized 
oblique difference absolute value as an obhque defer- 
ence absolute value S. „„ Qrt on 
101071 The intermediate value determ.nat.on part 20 
determinates the intermediate value of the vertical up- 
SranTlower pixel values P and Q output from the ver- 
bal upper and'lower pixel va.ue extraction part 13 and 
he oblique average R output from the selector 1 7 and 
outouts the result of determination to the m.x.ng part 21. 
m Tosi On the baste of the oblique deference absolute 
value S output from the selector 1 9, the m.x.ng i part 21 
outputstheverticalinterpolated value Jo^» 
verScal interpolation circuft 12, the obhque average R 



output from the selector 17 or a mixed value thereof as 
an interpolated pixel value IS. The m.xed value of the 
o b , qte Terence absolute value S and the vertical n- 
teraolated value ID is calculated by a method s.m.lar to 
5 St calculating the mixed value of the oblique aver- 
age AD and the vertical interpolated value .D shown .n 

Sl S 091 3 When the result of determination of the inter- 
ne value determination 20 is not the oblique aver- 
io age R, i.e. when the oblique average R .s not the , inter 
meda e value between the vertical upper p.xel value P 
a^d "e vertical lower pixel value Q, the mixing part 21 

vertical interpolation circurt 12 as the .nterpolated p xel 
,5 vatoels. Thus, not oblique interpolation but vertical in- 
terpolation is performed when the oblique average .R. 
notbetween the pixels above andunderthe .nterpolated 

KTlO] WhentheverticaldmerenceabsolutevalueAB 
20 supplied from the vertical upper and lower p.xel drffer- 

operation part 16 outputs the maximum luminance 255 
afttTe obSque difference absolute values Da, Db and 
2 s Dc Vespectlely. Thus, the oblique 

value S output from the selector 19 reaches the maxi- 
mum value -255". Therefore, the mixing part 21 outputs 
SeverS interpolated value .Doutputfromthevert^a. 
interpolation circuit 1 2 as the interpolated pixel v a' ue '®* 
so in o her words, not oblique interpolation but vertical in- 
emolatton is performed when the absolute value of the 
3S ^een the pixels above and under the «- 

35 I polation circuit 12-corresponds to the first interpola- 
fioTmeans or the first interpolation unrt, the '"putterm, 
ntl 22 receiving the angle seal AN corresponds to the 
nu«^ 

Absolute value operation part 16 corresponds to the drf- 
40 Sence caicu.ation means or the difference caicu ate 
unrt the oblique averaging part 14 corresponds to he 
second interpolation means or the second interpolate 
unrand ^e mixing part 22 corresponds to the .nterpo- 
"ated value output means or the interpolated value out- 

45 KlX Theminimumvaluedeterminationpart18cor- 
Lpondsto theminimumvalue determination ^meansor 
he minimum value determination unrt, the selector 17 
^respTndTto the selection means or the selection unrt 
so mTvetfca. upper and tower pixel v^xtra^npart 
13 corresponds to the detection means or the detection 
rt^intermediate value determination part 20 cor- 
"sponds TE InteTmediate value determination 

^anso^ 
ss Te vela, upper and tower pixel > - JJ^JJ* 
value operation part 15 corresponds to the vertical dit 
Sni P operation means or the verticai difference op- 
eration unrt. 
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intl J! . ♦ 9 ' ! 18 3 m ° del diagram for "'^rating oblique 
.nterpolafton by the oblique averaging part 14 and the 
obhque difference absolute value operation part 16 
shown in Fig. 5. ^ 10 

fSlVl Referrin9 10 Fig - 6 ' svmbo1 ,L de "°tes an inter- 
polated scanning line, symbol AL denotes a scanninq 

svmL°n. a ^ abOVe interpo,ated ^ning line IL, and 
E BL den ° tes a inning line located unde the 

SCa r in9 ' ine L The Upper scanni "9 *" 
AL nc udes pixels A1 to A5, and the lower scanning line 

M<* r h eferrin9 ,0 ^ 6 ' afr0W d0 show « the 

angle of the .mage .ndicated by the angle signal AN 

shown in Fig. 5, arrow d- denotes the direction -1 and 
arrow d+ denotes the direction + 1. 

^llfl J hS ° b ' iqUe avera 9 in S Part 14 shown in Fig. 5 
outputs the average luminance of the pixels A4 and B2 
of the upper and lower scanning lines AL and BL located 
along arrow do about the interpolated pixel IN as the 
obhque average Ab, cutputs the average luminance of 

OSTJSSl 81 ° f *" UPP6r and ,OWer scanni "9 
11 T BL ,OCated a,on 9 a ™w d- as the oblique 
average Aa, and outputs the average luminance of the 

Ar'^T 83 ° f thS UPP6r and ,ower scanning Ss 
AL and BL located along arrow d + as the oblique aver- 
age Ac. The oblique difference absolute value operation 
P 0 fl H«° Wn Fi9 - 5ftJrther °"tputs the absolute value 
of the difference between the luminance values of the 

upper and ,ower ««*0 ^ 

niv 5 Catedalon 9^°wd0aboutthe interpolated 
pixel IN as the oblique difference absolute value 6b, out 
puts the absolute value of the difference between the 
luminance values of the pixels A5 and B1 of the upper 
and lower scanning lines AL and BL located along arrow 

out?,.! 6 U T! diff T enCe Va,Ue Da - and st- 

outs the absolute value of the difference between the 

uminance values of the pixels A3 a B3 of the upper and 
lower scanning lines AL and BL located along anow d! 
as the obhque difference absolute value Dc 
[0117] The scanning line interpolation equipment ac- 
teTl!° embodiment mi ** the vertical interpo- 

r with u 3nd the ° b,iqUe difference *soW» value 
R with each other while varying the ratio therebetween 
in response to the oblique difference absolute value S 
when the oblique difference absolute value S is between 
zero a n d a threshold TH and outputs the result as the 
mterpolated pixel value IS, whereby an image having an 
obhque edge can be smoothly interpolated 

Etermin^t? 6 !: * 6 SCanning '"Ration circuit 
amono t 601 . 10 " h3Ving the hignest corre »at»n 

Z ? reCt '° n mdiCated bv the an 9 |e ^9nal AN 
and the directs -1 and + 1 on the basis of the oblique 
difference absolute values Da, Db and Dc calculated by 
the oblique difference absolute value operation part 16 
and selects the oblique average corresponding to the 
direct.cn navin 9 the highest correlation from the oblique 
averages Aa, Ab and Ac catenated by the oblique av 
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eraging part 14, whereby false detection of the angle of 
the image can be corrected. 

EH? ♦ ^ ima9S haVing an ob,ique ed 9e. the value 
of n. , n erpolated pixel is between the values of the up- 

£1 o 1 , P,XelS " ' f the ° b,ique avera 9« R * not be- 
tween the values of the pixels located above and under 
the nterpolated pixel, not oblique interpolation but ver- 
bal .nterpoiat.on is so performed that the interpolated 

io Zt T 6 'f ? a " b6 Prevented from calculation on the 
baste of p,xels k^ated in a false direction when the angle 
of the image is falsely detected. 

Kir L mage h3Ving an ob,ique ^rther, 

above and under the interpolated pixel is large. If the 

22 Ute h Va ' Ue 7 ^ differenCe between *. Pixels lo 
cated above and under the interpolated pixel is small, 
herefore, not oblique interpolation but vertical Interpol 
latioms ^so performed that the picture quality can bepre- 
20 Z \ mm t deterto ««on caused by false detection of 
& the angle of the image. 

S 1 ! 1 ) , Rg r' Sablockdia 9 ram showinganexempla- 

ZZSL A f r ima9e an9,e detector °~" a 

25 ?!? 21 J hB image angle detector shown in Fig. 7 in- 
« dudes a line memory 31. a binarization part 32 an in- 
fection window videosignal processing part 33 U pat- 
tern matchmg angle detection part 34 and a reference 
pattern generation part 35. 

30 55? thrhin^ 60 . 8 ' 9 " 3 ' iS inPUt in *• ' ine mer "' 

Z, w b na "2at.on part 32 and the in-detection win- 

3? de^tH 9 " 3 ' PrOCeSSin9 P3rt » The line '"O'nory 
31 delays the .nput video signal VD1 by one line (one 
scanning line) and outputs the video signal VD2 The 
35 ^ t Si r h VD2 ° U ^ fr0mthe,inemem ory31 issup 

35 PhedtD*eb I narizatfonpart32andthein-detectionwin- 
dow video signal processing part 33. 

[0124] The binarization part 32 binarizes the input vid- 

eos ignal VD1 and the video signal VD2 outputfTm t e 

hne memory 31 with a threshold of an average lumi- 

rrr"? LU SUPP ' ied fr0m the in-^tectionwindow 
vdeos^nal processing part33 described later.andout- 
puts a binarized pattern Bl formed by "1" and "2" The 

45 f S ■ The deteCt, ° n window 18 a rectangular area of 

ln\ t T S ' nC,Uding S6Ven pixe,s of the v ' d «c signal 
VD1 and seven pixels of the video signal VD2 a rectan- 
gular area of 15 by 2 pixels including 15 pfxets Ttoe 
"dec s,gnal VD1 and 15 pixels of the vWeo signal 
orthel.ke,forexample. In the following descriptton it if 

pixels. In th.s case, the size of the binarized pattern Bl 
corresponds to 7 by 2 pixels. 

Em?L o? 6 lr " detection window video signal process- 

signal VD1 and the video signal VD2 output from the 
ime memory 31 and averages the luminance values of 
£e v,deo signals VD1 and VD2 in the detection window 
for supplying the average luminance value LU to the bi- 
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™le detection pan 34. Each refer*™* pattern HA . 
alonpart35,aixlo^tt»ar«leotrher^ereneep 

S"?^!, pontons ,** Pylons, M 
portions) having high luntrnance -1. **• »» 

h^^h^^r^ 

?,™toFlos 9WI to 9(e). halftone-dot squares show pot 
S,^ values ot Interpolated pixels shown by <h«* 

nance distribution. For example, the angles ^34 jm 
" a "^ . .,- 0 070 and 1 8° can be set. 

between the angles 45°, 27 ana io c» 
rol351 For example, the binanzed pattern Bl shown 
K 8 matches with the reference pattern shown .n 
Ed 9(a) in this case, the pattern match.ng angle de 
Son part 35 shown in Fig. 7 outputs an angle s,gnai 

detect the angle of the image with a small crcuit scale 

nalTvDI and VD2 in the detection w.ndow to the bma 
rized pattern Bl and pattern-matching the binanzed prt- 
Z X wiTthe prevtously set plural^ of reference P at- 



SSSrTm this case, the average luminance va.ue In 
Section window Is empioyed as the threshed for 

Swith the case of employing the difference value 

10 ino to two-dimensional luminance d.stnbut,on, whereby 
Z an^e of the image having an oblique edge can be 

reference patterns RA according to 

20 memory 31 having small capacity. 

Zm Fig.lOisablockdiagramshow.nganotherex^ 

empfirystmctureoftheimageang.edetectoroutputt.ng 
detection part 42, a lower line max.mal/m.nimal detec 

tf D1 by one line (one scanning line) and outputs the v* 
vn2 The video signal VD2 output from the 

SSects the maxima, and minima, points * — 
luminance distribution in the v.deo s.gnal VD2 output 
T^the line memory 41 and supplies a max.mal/m.n.- 

«™ nnrt 44 The lower line maximeyminimal deteonon 
^«ft^d^u,tonin»»topov»ld» = 

S pri na.ob.ng angle 

rMnf i«: hv 2 nixels ncludmg 15 pixels ot me 
9U ^ stana? VD1 and ^ pixels of the video signal VD2 
« SSS f 0 yexample. ,n the following description, it .s 

STh «■ case, the size of each of the max.maVmm- 
ima patterns P1 and P2 corresponds to seven p.xels. 
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Slt^ T , reference P attern generation part 45 gen- 
JKf ,Ura, ^ 0freferenM P a tte^sRB indicating po- 
siflons of maximal and minimal points in the detection 

Z£ IE""* 1 the sa ™ to the pattern Sing" 

RB K f^r 0 " Pa,t 44 ^ ° f thS reference Patterns 
RB is equal in s.ze to the detection window 

[0146] The pattern matching angle detection part 44 
compares the maximai/minimai pattern P1 ouJu?£om 
the upper l.ne maximal/minimal detection part 42 and 
the maximal/minimal pattern P2 output fmm the tower 
maximaiyminima. detection part 43 wSh each of thlX 
enS °lf Srence P attems ^ suppned from the reS- 
sr a . P AM em H 9enerati0n P3rt ^ and the angle 

RB mlf h- Ca K in9 ^ an9,e ° f the refere ^ Pattern 
RB match.ng with the maximal/minimal patterns P1 and 

EL f Peratfon ° f com P a ri"9 the maximal/min- 
mal patterns P1 and P2 with each reference pattern RB 
£ hereinafter referred to as pattern matching 
[0148] Fig. 1 1 is a model diagram showing exemolarv 
mammal/minima, patterns P1 andP2outputftom,heu p y 
per line maximal/minimal detection part 42 and me tower 

Eli?* r efer [ in9 10 Rg - 11 ' symb0 ' ,N de "°tes an in- 
terpolated pixel, and symbol IL denotes an interpolated 
scanning line. Symbol AL denotes a scanningtnTS 

BL denl ' nterP ° ,ated ~ nnh " ,ine "- and symbol 

lat e ?«" S . Cannin9 Nne '° Cated under the mterpo- 
lated scanning line IL. H 

S Fig ; 11 , shows Portions of pixels having maxi- 
mal and m, n , ^ |n horj2onta| ^ 9 

ton as 'arge" and -small" respectively. In practice the 
pos, ^s of the pixels having the m aximal and mTn'imS 

Tn h? r den ?/ ed by P redeterr "'" ad numerical values 
In the max.mal/minimal patterns P1 and P2 the anote 

other and those connecting the minimal points with each 

is Zt ZV, BL ;. ,Sassumedtha »h a horizontal angle 

01 51° £, °,T Upper rignt ana,e * Positive 
[0151] Rgs. 12(a) and 12(b) are model diagrams 
showing exemplary reference patterns generated by the 

ro s ?i nCe p Patte ^ 9 f neration part 45 show " in *g 10 

5!S ?o S ; 12(a) and 12(b) snow refera noe patterns 
of 45- and 34' respectively. These figures show p£J 

Si? andtm h a r n9 and « poTa! 

large and small" respectively. In practice the nosi 

tons of the pixels having the maxima. ?nd minimal 

ponja^ndicatedbypredeterminednumericalvi 
[0153] As shown in Figs. i 2 (a) and 12(b) anoles o 

2 " neS maXimal P° inte and those M n 

necKng minimal points are set to 45' and 34" resoec- 
tvefy in the luminance distribution of the two scaS 
J.nes with reference to pairs of maxima, and minS 

a °n!fpi r 0reXamp,e ' themaximal/minima 'PatternsP1 
and P2 shown in Rg. 11 match with the reference pat- 
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San h rdi? F : 9 - 12(a) ' ,nthiscase . the pattern match- 
ing angle detection part 44 shown in Rg. 10 outputs an 
angle signal AN indicating 45°. """Wan 

s E5L The "? a9e an 9 |ed etector shown in Rg. lOcan 
detect me angle of the image with a small circuit scJe 
by creating the maximal/minima, patterns P1 a^d P 2 1 
gating the positions of the maxima, and minimal polms 
th e "uminance distribution of the video signals^? 
and VD2 in the detection window and pattern-ma te E 
" the maximal/minimal patterns P1 and P2 witS the prev? 
ously set plura(ity of reference pattems R ™ Prev- 

[0156] in this case, the angle of an image having thin 

anom^r? ? » the nSS 

and minimal points as pairs 

15 Ef? . t Fu !* er ' fa,sedetec «onissuppressedascom- 
t:" e Case of gloving the difference vTe 

inn^L ^° PKe,S dUe to tne pa " em etching accord 
<ng to two-d.mensional luminance distribution wheTebv 

- havi " 9 sma " *S2 

hnesconnectingpixelslocatedonpoint-symmettoalpo- 
* srtions about the interpolated pixel but angles £2, 
these angles can also be detected. Therefore 

^4^^ atSma " er interva,s »e ^ 
memory 41 having small capacity. 

[0159] When performing processing with the vertical 
» upper and lower pixel value extraction part T an X 
'ntermed ia te vale determination part 20 show inFigs 
and performing processing with the vertical upper !nd 
lower pixel difference absolute value operation S 

[0161] When the difference value between pixels ob- 

sbetweenfirstand second values, thevalueof the dS 
to be interpolated is calculated by an operation emp,o V 

S IT int6rP0 J ated ^ ca,cu( ated with J£2£- 
els and a second interpolated value calculated withtte 
oblique p,xels according to the present invTton 

st^ -I ima9e haVing a " ° b ^° 4e Tan Te 
smoothly interpolated. 

5 " [0162] Although the present invention has been de- 
scribed and ...usfrated in detail, it is clearly unSensto^ 
that he same ,s by way of illustration and example only 
and is not to be taken by way of limitation, the spirtt and 
scope of the present invention being limited only by the 
& terms of the appended claims oniyoythe 
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Claims 

1 A scanning line interpolation equipment interpolat- 
ing a scanning line by calculating the value of a p.xel 

to be interpolated on the basis of an input video sig- 
nal, comprising: 

first interpolation means calculating afirst inter- 
polated value by interpolation employing pixels 
of upper and lower scanning lines vertically lo- 
cated with respect to said pixel to be interpolat- 
ed" 

input means inputting a signal indicating me di- 
rection of an image with respect to said pixel to 
be interpolated; 

difference calculation means calculating the 
difference value between the values of pixels 
of upper and lower scanning lines located in the 
direction indicated by said signal input by said 
input means with respect to said pixel to be in- 
terpolated; 

second interpolation means calculating a sec- 
ond interpolated value by interpolation employ- 
ing said pixels of said upper and lower scanning 
lines located in the direction indicated by said 
signal input by said input means with respect 
to said pixel to be interpolated; and 
interpolated value output means outputting 
said second interpolated value calculated by 
said second interpolation means as the value 
of said pixel to be interpolated when the differ- 
ence value calculated by said difference calcu- 
lation means is not more than a first value, out- 
putting said first interpolated value calculated 
by said first interpolation means as the value of 
said pixel to be interpolated when the difference 
value calculated by said difference calculation 
means is not less than a second value greater 
than said first value, and calculating a third in- 
terpolated value by an operation employing 
said first interpolated value calculated by said 
first interpolation means and said second inter- 
polated value calculated by said second inter- 
polation means and outputting said third inter- 
polated value as the value of said pixel to be 
interpolated when the difference value calculat- 
ed by said difference calculation means is with- 
in the range between said first value and said 
second value. 

2 The scanning line interpolation equipment accord- 
ing to claim 1 , wherein said interpolated value out- 
put means adds said first interpolated value calcu- 
lated by said f irst interpolation means and said sec- 
ond interpolated value calculated by said second in- 
terpolation means to each other in a ratio according 
to the difference value calculated by said difference 
calculation means when said difference value is 



within the range between said first value and said 
second value, and outputs the result of addition as 
the value of said pixel to be interpolated. 

3 The scanning line interpolation equipment accord- 
ing to claim 2, wherein said interpolated value out- 
put means adds said first interpolated value and 
said second interpolated value to each othersothat 
the ratio of said first interpolated value calculated 
by said first interpolation means is increased and 
the ratio of said second interpolated value calculat- 
ed by said second interpolation means is reduced 
as the difference value calculated by said difference 
calculation means approaches said second value 
from said first value. 

4 The scanning line interpolation equipment accord- 
ing to claim 1 , wherein said difference calculation 
means calculates the difference values between the 
values of a plurality of pixels located in a plurality of 
directions about the direction indicated by said sig- 
nal input by said input means with respect to said 
pixel to be interpolated respectively, and 

said second interpolation means calculates a 
plurality of second interpolated values by interpola- 
tion employing said plurality of pixels located in said 
plurality of directions about the direction indicated 
by said signal input by said input means with re- 
spect to said pixel to be interpolated respectively, 
30 said scanning line interpolation equipment 

further comprising: 

minimum value determination means determin- 
ing the minimum value among the plurality of 
35 difference values calculated by said difference 

calculation means, and 
selection means selecting a second interpolat- 
ed value corresponding to the difference value 
determined as the minimum value by said min- 
40 imum value determination meansfrom said plu- 

rality of second interpolated values calculated 

by said second interpolation means and sup- 
plying the selected second interpolated value 
to said interpolated value output means. 

The scanning line interpolation equipment accord- 
ing to claim 1, further comprising: 

detection means detecting the values of pixels 
so vertically located above and under said pixel to 

be interpolated respectively, and 
intermediate value determination means deter- 
mining whether or not said second interpolated 
value calculated by said second interpolation 
ss means is between the values detected by said 

detection means, wherein 
said interpolated value output means outputs 
said first interpolated value calculated by said 
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first interpolation means as the value of said 
pixel to be interpolated regardless of the differ- 
ence value calculated by said difference calcu- 
lation means when said intermediate value de- 
termination means determines that said sec- 
ond interpolated value is not between the val- 
ues detected by said detection means. 

The scanning line interpolation equipment accord- 
ing to claim 1, further comprising vertical difference 
operation means calculating the difference value 
between pixels vertically located above and under 
said pixel to be interpolated, wherein 

said interpolated value output means outputs 
said first interpolated value calculated by said first 
interpolation means regardless of the difference 
value calculated by said difference calculation 
means when the difference value calculated by said 
vertical difference operation means is less than a 
predetermined value. 

The scanning line interpolation equipment accord- 
ing to claim 1, wherein said second interpolation 
means averages said pixels of said upper and lower 
scanning lines located in the direction indicated by 
said signal input by said input means with respect 
to said pixel to be interpolated as said second inter- 
polated value. 



The scanning line interpolation equipment accord- so 
mg to claim 1, wherein said first value is zero, and 
said second value is a preset threshold. 

The scanning line interpolation equipment accord- 
ing to claim 1 , further comprising image angle de- 35 
tection means detecting an image angle related to 
said pixel to be interpolated on the basis of said in- 
put video signal and supplying said signal indicating 
the direction of said image to said input means 
wherein 

said image angle detection means includes: 

binarized pattern generation means binarizing 
said input video signal in a predetermined de- 
tection area including a plurality of scanning 
lines and said pixel to be interpolated and gen- 
erating a binarized pattern, 
reference pattern generation means generat- 
ing a binary image having a plurality of direc- 
tions as a plurality of reference patterns, and so 
comparison means comparing said binarized 
pattern generated by said binarized pattern 
generation means with each of said plurality of 
reference patterns generated by said reference 
pattern generation means and detecting said ss 
image angle related to said pixel to be interpo- 
lated on the basis of the result of comparison. 
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10. The scanning line interpolation equipment accord- 
ing to claim 1 , further comprising image angle de- 
tection means detecting an image angle related to 
said pixel to be interpolated on the basis of said in- 
put video signal and supplying said signal indicating 
the direction of said image to said input means 
wherein 

said image angle detection means includes: 

maximal/minimal pattern generation means 
generating a maximal/minimal pattern indicat- 
ing the position of the maximal point or the min- 
imal point of horizontal luminance distribution 
every scanning line in a predetermined detec- 
tion area including a plurality of scanning lines 
and said pixel to be interpolated in said input 
video signal, 

reference pattern generation means generat- 
ing a plurality of reference patterns indicating 
the positions of the maximal points or the min- 
imal points of horizontal luminance distribution 
every scanning line in said detection area, and 
comparison means comparing said maximal/ 
minimal pattern generated by said maximal/ 
minimal pattern generation means with each of 
said plurality of reference patterns generated 
by said reference pattern generation means 
and detecting said image angle related to said 
pixel to be interpolated on the basis of the result 
of comparison. 

11- A scanning line interpolation equipment interpolat- 
ing a scanning line by calculating the value of a pixel 
to be interpolated on the basis of an input video sig- 
nal, comprising: 

a first interpolation device that calculates a first 
interpolated value by interpolation employing 
pixels of upper and lower scanning lines verti- 
cally located with respect to said pixel to be in- 
terpolated; 

an input terminal that receives a signal indicat- 
ing the direction of an image with respect to said 
pixel to be interpolated; 
a difference calculation device that calculates 
the difference value between the values of pix- 
els of upper and lower scanning lines located 
in the direction indicated by said signal re- 
ceived in said input terminal with respect to said 
pixel to be interpolated; 
a second interpolation device that calculates a 
second interpolated value by interpolation em- 
ploying said pixels of said upper and lower 
scanning lines located in the direction indicated 
by said signal received in said input terminal 
with respect to said pixel to be interpolated; and 
an interpolated value output device that outputs 
said second interpolated value calculated by 
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said second interpolation dev.ce as the value 
of said pixel to be interpolated when the differ- 
ence value calculated by said difference calcu- 
lation device is not more than a first value, out- 
puts said first interpolated value calculated by 
said first interpolation device as the value of 
said pixel to be interpolatedwhenthedifferer.ee 
value calculated by said difference calculation 
device is not less than a second value greater 
than said first value, and calculates a third in- 
terpolated value by an operation employing 
said first interpolated value calculated by sa.d 
first interpolation device and said second inter- 
polated value calculated by said second inter- 
eolation device and outputs said third interpo- 
lated value as the value of said pixel to be in- 
terpolated when the difference value calculated 
value by said difference calculation device is 
within the range between said first value and ^ 
said second value. 

12. The scanning line interpolation equipment accord- 
ing to claim 1 1 , wherein said interpolated value out- 
put device adds said first interpolated value calcu- 
iated by said first interpolation device and said sec- 
ond interpolated value calculated by sa d ^ in- 
terpolation device to each other in a ratio according 
to the difference value calculated by said difference 
calculation device when said difference vakie s 
within the range between said first value and said 
Second value and outputs the result of addition as 
the value of said pixel to be interpolated. 

13 The scanning line interpolation equipment accord- 
ing to claim 12, wherein said interpolated value out- 
put device adds said first interpolated value and 
said secondinterpolatedvalue to each othesothat 

the ratio of said first interpolated value calculated 
by said first interpolation device is increased and 
the ratri of said second interpolated value calcu^ 
ed by said second interpolation device educed 
as the difference value calculated by said drfference 

value calculation device approaches said second 
value from said first value, 

14. The scanning line interpolation eW men \ a ^' d n 

ing to claim 11, wherein said ««*™™ ca ™*Z 
device calculates thedifference values betweenthe 

values of a plurality of pixels located in a pluralrty of 
directions about the direction indicated by said s.g- 
nal received in said input terminal with respect to 
said pixel to be interpolated respectively, and 

said second interpolation device calculates a 
plurality of second interpolated values by mterpo *a- 
Son employing said plurality of pixels located linsaid 
plurality of directions about the direction indicated 
oy sari signal receWed in said input terming witt. 
respect to said pixel to be interpolated respectively, 
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said scanning line interpolation equipment 
further comprising: 

a minimum value determination device that de- 
termines the minimum value among the plural- 
ity of difference values calculated by sa.d dif- 
ference calculation device, and 
a selection device that selects a second inter- 
polated value corresponding to the difference 
value determined as the minimum value by said 
minimum value determination device from said 
plurality of second interpolated values calculat- 
ed by said second interpolation device and sup- 
plies the selected second interpolated value to 
said interpolated value output device. 

15 The scanning line interpolation equipment accord- 
ing to claim 11 , further comprising: 

a detection device that detects the values of 
pixels vertically located above and under said 
pixel to be interpolated respectively, and 
an intermediate value determination device 
that determines whether or not said second in- 
terpolated value calculated by said second in- 
terpolation device is between the values detect- 
ed by said detection device, wherein 

said interpolated value outout device outputs 
said first interpolated value calculated by said first 
interpolation device as the value of said pixel to be 
interpolated regardless of the difference value cal- 
culated by said difference calculation device when 
said intermediate valuedeterminationdev.ee deter- 
mines thatsaid second interpolated valueis notbe- 
tween the values detected by sari detection device. 

16. The scanning line interpolation equipment accord- 
ing to claim 1 1 , further comprising a vertical differ- 
ence operation device that cateulates the difference 
value between pixels vertically located above and 
under said pixel to be interpolated, wherein 

said interpolated value output device outputs 
said first interpolated value calculated by said first 
interpolation device regardless of the difference val- 
ue calculated by said difference calculation device 
when the difference value calculated by said verti- 
cal difference operation device is less than a pre- 
determined value. 

17 The scanning line interpolation equipment accord- 
" ing to claim 11, wherein said second interpolation 
device averages said pixels of sari upper and flower 
scanning lines located in the direction indicated by 
said signal received in said input terminal with re- 
spectto said pixel to be interpolated as said second 
interpolated value. 
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The scanning line interpolation equipment accord- 
ing to claim 1 1 , wherein said first value is zero and 
said second value is a preset threshold. 

19- The scanning line interpolation equipment accord- s 
ing to claim 11, further comprising an image angle 
detection device that detects an image angle relat- 
ed to said pixel to be interpolated on the basis of 
sa!d input video signal and supplies said signal in- 
dicating the direction of said image to said inputter- io 
minal, wherein 

said image angle detection device includes: 

a binarized pattern generation device that bina- 
ries said input video signal in a predetermined is 
detection area including a plurality of scanning 
lines and said pixel to be interpolates and gen- 
erates a binarized pattern, 
a reference pattern generation device that gen- 
erates a binary image having a plurality of di- 20 
rections as a plurality of reference patterns, and 
a comparison device that compares said bina- 
rized pattern generated by said binarized pat- 
tern generation device with each of said plural- 
ity of reference patterns generated by said ref- 2s 
erence pattern generation device and detects 
said image angle related to said pixel to be in- 
terpolated on the basis of the result of coirmar- 
ison. r 

•Ml TL 30 

20. The scanning line interpolation equipment accord- 
ing to claim 11, further comprising an image angle 
detection device that detects an image angle relat- 
ed to said pixel to be interpolated on the basis of 
said input video signal and supplies said signal in- 35 
dicating the direction of said image to said input ter- 
minal, wherein 

said image angle detection device includes: 

a maximal/minimal pattern generation device 40 
that generates a maximal/minimal pattern indi- 
cating the position of the maximal point or the 
minimal point of horizontal luminance distribu- 
tion every scanning line in a predetermined de- 
tection area including a plurality of scanning 45 
lines and said pixel to be interpolated in said 
input video signal, 

a reference pattern generation device that gen- 
erates a plurality of reference patterns indicat- 
ing the positions of the maximal points or the so 
minimal points of horizontal luminance distribu- 
tion every scanning line in said detection area 
and 

a comparison device that compares said max- 
imal/minimal pattern generated by said maxi- ss 
mal/minimal pattern generation device with 
each of said plurality of reference patterns gen- 
erated by said reference pattern generation de- 



vice and detects said image angle related to 
said pixel to be interpolated on the basis of the 
result of comparison. 
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